Introduction {#s1}
============

The International Diabetes Federation (IDF) estimates that at least 425 million persons in the world have diabetes ([@B1]).From 1980 to 2014 the global age--standardized prevalence of diabetes in adults more than doubled in men and increased almost 60% in women ([@B2]). If these trends continue, the World Health Organization (WHO) goal of halting the rise of diabetes by 2025 will not be achieved ([@B2]). The increasing burden of diabetes challenges individuals, families and health systems globally.

Diabetes can be prevented or delayed with intensive lifestyle changes offered to high-risk people, as indicated as indicated by the following now classical studies. The Da Qing Diabetes Prevention Study, after 6 years of lifestyle intervention, reduced the incidence of diabetes by 31, 46, and 42% in the groups of diet, exercise and diet plus exercise, respectively ([@B3]),and benefits extended over 20 years after the intervention was discontinued ([@B4]). The Finnish Diabetes Prevention Study (DPS) and the Diabetes Prevention Program (DPP) both showed a reduction of 58% in the incidence of diabetes mellitus in individuals with impaired glucose tolerance after an average of 3 years of lifestyle interventions focusing on diet and physical activity ([@B5], [@B6]). A recent systematic review of 43 studies evaluating the long-term sustainability of diabetes prevention approaches showed that the superiority of lifestyle interventions over medications observed at the end of the trial persisted for many years ([@B7]). The review included 49,029 participants with mean age of 57.3 (±8.7) years, indicating that the younger age group has been little evaluated.

Of great concern, prevalence of type 2 diabetes is increasing among the young, a phenomenon potentially increasing the burden of disease owing to the longer duration of diabetes and the apparently high incidence of chronic complications of those so affected ([@B8], [@B9]). Thus, diabetes prevention starting earlier than the settings of most published trials is of paramount importance. Gestational diabetes mellitus (GDM) offers a unique opportunity for diabetes prevention in younger adults. First, the diagnosis of GDM confers an increased risk of diabetes and its complications which appears to be mediated at least in part by subsequent weight gain and lack of a healthy lifestyle ([@B10]). Initial studies testing the efficacy of lifestyle interventions suggest benefit ([@B11]--[@B25]), but few systematic reviews have been carried out so far ([@B26]--[@B28]), with only one attempting to assess diabetes as an outcome ([@B26]).

We aim to systematically review and summarize the benefits of lifestyle interventions in the prevention of diabetes as well as in reduction of plasma glucose levels and anthropometry measures in women with recent GDM, as evaluated in postpartum randomized controlled trials.

Methods {#s2}
=======

Protocol and registration
-------------------------

This is a systematic review and meta-analysis of randomized controlled trials (RCTs), registered with the International Prospective Register of Ongoing Systematic Reviews (PROSPERO) under the number CRD42018092440, and following the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA Statement) ([@B29]) and the Cochrane Handbook for Systematic Reviews of Interventions.

Eligibility criteria
--------------------

The review included all RCTs involving women with previous GDM (as defined by any recognized diagnostic criteria) that compared lifestyle interventions---diet and/or physical activity and/or breastfeeding---with usual care without pharmacological treatment. We included only trials assessing the incident of diabetes mellitus (primary outcome) or glycemic levels ((mean change from baseline of fasting or 2 h glucose, or HbA~1C~), our surrogate outcomes. We excluded studies including women with current or previous diagnosis of type 1 or type 2 diabetes, using pharmacological interventions or having recruitment strategies that were not based on a recent diagnosis of GDM.

Literature search
-----------------

We searched PubMed, Cochrane Central Register of Controlled Trials, Web of Science and EMBASE databases in May, 2018. The search string for PubMed was: ("Diabetes, Gestational" \[Mesh\] OR "Diabetes, Pregnancy-Induced" OR "Diabetes, Pregnancy Induced" OR "Pregnancy-Induced Diabetes" OR "Gestational Diabetes" OR "Diabetes Mellitus, Gestational" OR "Gestational Diabetes Mellitus") AND ("Exercise"\[Mesh\] OR Exercises OR "Physical Activity" OR "Activities, Physical" OR "Activity, Physical" OR "Physical Activities" OR "Exercise, Physical" OR "Exercises, Physical" OR "Physical Exercise" OR "Physical Exercises" OR "Diet"\[Mesh\] OR Diets OR "Body Weight"\[Mesh\] OR "Weight, Body" OR "Weight Loss"\[Mesh\] OR "Loss, Weight" OR "Losses, Weight" OR "Weight Losses" OR "Weight Reduction" OR "Reduction, Weight" OR "Reductions, Weight" OR "Weight Reductions" OR "Life Style"\[Mesh\] OR "Life Styles" OR Lifestyle OR Lifestyles) AND ("controlled study" OR trial^\*^).These terms were adjusted to fit the requirements of each electronic database. We screened the list of references of the included studies and of systematic reviews to check for other possible studies to be included.

We did not include terms for the primary outcome to enhance the search sensitivity. We made no restrictions regarding language or publication date.

Data extraction
---------------

Initially, two reviewers (DS, GL) independently analyzed titles and abstracts of each paper retrieved to identify potential eligible studies. Inconsistencies were discussed and studies not clearly meeting the inclusion criteria were excluded. Disagreements were resolved by discussion with a third reviewer (PG) whenever necessary.

A standard data form was used to extract the following information: study population, demographic data and baseline characteristics of participants, details of the intervention and the control counterpart, results, moments of measurement; and information for assessment of risk of bias.

Relevant missing information was requested from the original authors. Procedures for estimation of missing data were performed whenever possible ([@B29]). If data were still insufficient after these processes, the outcome was included in descriptive analysis only.

Outcomes
--------

The primary outcome was incidence of diabetes mellitus. We also reported change in glycemic levels (mean fasting or 2 h glucose, or HbA~1C~). Secondary outcomes were changes in the anthropometric measures of weight and waist circumference.

Risk of bias (quality) assessment
---------------------------------

Three reviewers in pairs (DS, GL, PG) independently assessed the quality of the studies. The disagreements were resolved by consensus or with the consultation of an additional author (WC).

We evaluated the risk of bias as described in the Cochrane Handbook for Systematic Reviews of Interventions using the Cochrane Collaboration tool ([@B29]), with the following criteria: random sequence generation (selection bias); allocation concealment (selection bias); blinding (performance bias and detection bias) considering blinding of participants, personnel and those performing outcome assessment; incomplete outcome data (attrition bias); selective reporting (reporting bias); and other biases.

Data analysis
-------------

We estimated relative risks for the incidence of diabetes mellitus. For continuous outcomes, we estimated mean differences from baseline. When standard deviations for changes were missing, we made imputations considering a conservator correlation equal to zero. We used random effects models with DerSimonian and Laird estimators for analyses of all outcomes. All statistical tests were two-sided and significance was defined as *P* \< 0.05. We assessed statistical heterogeneity of treatment effects across studies using the I^2^ metric statistics. The statistical analyses were performed used R version 3.5.0 (R Foundation for Statistical Computing). In addition, publication bias was examined using funnel plot and the Egger test (Stata 11.0, StataCorp, College Station, TX).

Results {#s3}
=======

Study selection and patient characteristics
-------------------------------------------

The flowchart for the selection and exclusion of studies is presented in Figure [1](#F1){ref-type="fig"}. After removing duplicates, we found a total of 1,895 abstracts from where 38 articles were considered as potentially eligible and assessed through full-text reading. We then excluded 23 additional studies, remaining with a total of 15 studies. The reasons for exclusion were: not a randomized controlled trial (*n* = 4) ([@B30]--[@B33]), not reporting our primary outcomes (*n* = 13) ([@B34]--[@B46]), study population not meeting our inclusion criteria specification (*n* = 4) ([@B47]--[@B50]) and different reports from the same study (*n* = 2) ([@B51], [@B52]).

![Flow chart summarizing the process for the identification of the eligible studies.](fendo-09-00583-g0001){#F1}

The 15 studies included in the systematic review are described in Table [1](#T1){ref-type="table"}. All articles were published within the last 10 years, except one ([@B11]). Studies took place in the United States ([@B11]--[@B13]), Australia ([@B14]--[@B16], [@B25]), China ([@B17]--[@B20]), Spain ([@B21]), Malaysia ([@B22]), Israel ([@B23]), and Ireland ([@B24]). The number of women who were randomized in individual studies ranged from 28 to 573, with 8 studies including at least 100 participants ([@B11], [@B16]--[@B21], [@B23]). Ten studies specified eligibility criteria regarding the risk of diabetes: postpartum glucose intolerance ([@B11], [@B17], [@B18], [@B20]--[@B22], [@B24]), overweight or obesity ([@B13], [@B22], [@B24]), low level of physical activity ([@B12], [@B25]), altered lipid profile ([@B24]), high waist circumference ([@B22], [@B24]), family history of diabetes ([@B22]), use of insulin during pregnancy ([@B17]) or hypertension ([@B24]).

###### 

Characteristics of the included studies.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **First author and year**           **Country**     **Sample size (randomized)**   **Period of intervention following partum: start point; endpoint**.   **Inclusion criterion in addition to recent GDM**                                                                                                                   **Intervention duration/Follow-up**                 **Focus of interventions**         **Mode of interventions**                                                            **Outcome measures**
  ----------------------------------- --------------- ------------------------------ --------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------- ---------------------------------- ------------------------------------------------------------------------------------ ----------------------
  Cheung et al. ([@B25])              Australia       43                             Not specified; 4 years                                                Sedentary habits                                                                                                                                                    1 year                                              Exercise                           1 individual meeting (clinic visit) pedometer\                                       DM\
                                                                                                                                                                                                                                                                                                                                                                                                                      5 telephone contacts\                                                                BMI
                                                                                                                                                                                                                                                                                                                                                                                                                      7 postcards                                                                          

  Hu et al. ([@B19])                  China           444                            1 year; 6 years                                                       --                                                                                                                                                                  1 year (in this article; total follow-up 2 years)   Diet and exercise                  6 individual meetings (clinic visits)                                                DM\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           FBG OGTT\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           HbA~1C~\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  Ji et al. ([@B18])                  China           144                            Shortly after partum; not specified.                                  Postpartum IGT or IFG                                                                                                                                               4 months                                            Diet and exercise                  •4 individual meetings (home visits)\                                                DM\
                                                                                                                                                                                                                                                                                                                                                                                                                      •Diary (diet, exercise, weight, postprandial blood glucose)\                         FBG OGTT\
                                                                                                                                                                                                                                                                                                                                                                                                                      •3 telephone contacts                                                                HbA~1C~\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Weight

  Kim et al. ([@B12])                 United States   49                             Not specified; 3 years                                                Sedentary habits                                                                                                                                                    3 months                                            Exercise                           Web content\                                                                         FBG OGTT\
                                                                                                                                                                                                                                                                                                                                                                                                                      Internet forum\                                                                      BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                      Pedometer\                                                                           Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                      Text messages                                                                        WC

  McIntrye et al. ([@B15])            Australia       28                             Shortly after partum; not specified.                                  --                                                                                                                                                                  3 months                                            Exercise                           1 individual meeting (clinic visit)\                                                 FBG\
                                                                                                                                                                                                                                                                                                                                                                                                                      7 telephone contacts                                                                 Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  Nicklas et al. ([@B13])             United States   75                             Shortly after partum; not specified.                                  BMI \> 22/24 kg/m^2^ and \< 50 kg/m^2^                                                                                                                              1 year                                              Diet and exercise; breastfeeding   12 web modules\                                                                      DM\
                                                                                                                                                                                                                                                                                                                                                                                                                      Lifestyle coach available by phone or email\                                         BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                      Support material (laptop, scale, measuring cups and spoons, membership to the gym)   Weight

  O\'Dea et al. ([@B24])              Ireland         50                             1year post partum; 3 years                                            IGT, IFG or insulin resistance (HOMA) + 2 of the following: hypertension, high total cholesterol, triglycerides or LDL-C, low HDL-C, BMI \>30 kg/m^2^, WC\>88 cm.   12--16 weeks of intervention/1year of follow-up     Diet and exercise                  1 individual meeting (clinic visit)\                                                 FBG OGTT\
                                                                                                                                                                                                                                                                                                                                                                                                                      12 group sessions with individual meeting at the end of each group session           BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  O\'Reilly et al. ([@B16])           Australia       573                            Notspecified; 1 year                                                  --                                                                                                                                                                  1 year                                              Diet and exercise                  1 individual meeting (home visit)\                                                   FBG\
                                                                                                                                                                                                                                                                                                                                                                                                                      5 group sessions\                                                                    BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                      2 telephone contacts                                                                 Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  Peacock et al. ([@B14])             Australia       31                             6 months after partum; 2years                                         --                                                                                                                                                                  3 months                                            Diet and exercise                  4 nutrition coaching workshops Pedometer\                                            FBG\
                                                                                                                                                                                                                                                                                                                                                                                                                      Text messages if the participant uploaded accelerometry data                         BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  Pérez-Ferre et al. ([@B21])         Spain           260                            Shortly after partum; not specified.                                  Exclusion of postpartum IFG                                                                                                                                         3 years                                             Diet and exercise                  Training exercise (at the hospital, 20 training sessions in 10 weeks)\               DM\
                                                                                                                                                                                                                                                                                                                                                                                                                      4 individual meetings (clinic visits)                                                FBG\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           HbA~1C~\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  Shek et al. ([@B17])                China           450                            Shortly after partum; not specified.                                  Postpartum IGT; exclusion if insulin use during pregnancy                                                                                                           3 years                                             Diet and exercise                  7 individual meetings (clinic visits)\                                               DM\
                                                                                                                                                                                                                                                                                                                                                                                                                      Diary (diet and exercise) of 5 days prior to each visit                              BMI

  Shyam et al. ([@B22])               Malaysia        77                             Shortly after partum; not specified.                                  Family history of diabetes and: BMI \>23 kg/m^2^ or WC 80 cm or IGT or IFG                                                                                          6 months                                            Diet                               1 individual meeting (clinical visit)                                                FBG OGTT\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC

  Wein et al. ([@B11])                United States   200                            Shortly after partum; not specified.                                  Postpartum IGT                                                                                                                                                      7.1 to 81 months (median of 51months)               Diet and exercise                  3 monthly telephone contacts                                                         DM\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           FBG OGTT\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           BMI

  Yu et al. ([@B20])                  China           126                            Shortly after partum; not specified.                                  Postpartum IGT/IFG                                                                                                                                                  2 years                                             Diet and exercise                  4 individual meetings (clinic visits)\                                               DM\
                                                                                                                                                                                                                                                                                                                                                                                                                      4 telephone contacts                                                                 BMI

  Zilberman-Kravits et al. ([@B23])   Israel          180                            3--4 months after partum; not specified.                              --                                                                                                                                                                  2 years                                             Diet and exercise                  3 individual meetings (clinic visits)\                                               FBG\
                                                                                                                                                                                                                                                                                                                                                                                                                      3 to 4 group sessions                                                                BMI\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Weight\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           WC
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*IFG, impaired fasting glucose; IGT, impaired glucose tolerance; DM, diabetes mellitus; FBG, fasting blood glucose; OGTT, standard 2 h oral glucose tolerance test; HbA~1C~, glycated hemoglobin; BMI, body mass index; WC, waist circumference; GDM, gestational diabetes mellitus; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol*.

Duration of follow-up was 6 months or less in 5 studies ([@B12], [@B14], [@B15], [@B18], [@B22]), 1 year in 5 studies ([@B13], [@B16], [@B19], [@B24], [@B25]), and 2 years or more in 5 studies ([@B11], [@B17], [@B20], [@B21], [@B23]).

Most of the interventions focused on changes in diet and physical activity. Only one study mentioned incentive to breastfeed ([@B13]). Three studies focused solely on the effectiveness of physical activity intervention ([@B12], [@B15], [@B25]) and one only on diet ([@B22]). Standard/brief advice on diet and/or exercise was considered to be comparable with usual care and accepted as the control comparison. Different ways of delivering the intervention were applied: Nine established remote contact ([@B11]--[@B16], [@B18], [@B20], [@B25]) (by phone, internet or postcards); four performed group sessions ([@B14], [@B16], [@B23], [@B24]), and eleven had individual face-to-face contacts ([@B15]--[@B25]). From those which held individual meetings, two conducted home visits ([@B16], [@B18]) and the others held the sessions in the clinic/hospital.

Eight trials had data to estimate incident diabetes ([@B11], [@B13], [@B17]--[@B21], [@B25]). Eleven trials measured glycemic control ([@B11], [@B12], [@B14]--[@B16], [@B18], [@B19], [@B21]--[@B24]), and all trials investigated the effect on body weight. Overall, considerable heterogeneity was evident between studies in relation to several key characteristics, namely, the method of the intervention, the time lag since the pregnancy complicated by GDM, the degree of risk beyond having GDM, and the duration of follow-up.

Quality assessment of included studies
--------------------------------------

Table [2](#T2){ref-type="table"} presents items necessary to assess risk of bias in each study according to the Cochrane Collaboration risk of bias tool for RCTs. Considering all studies included, 60% described adequate random sequence generation ([@B12]--[@B18], [@B22], [@B24]) and 40% allocation concealment ([@B13]--[@B16], [@B22], [@B24]). We did not evaluate blinding of staff performing the interventions due to the nature of lifestyle interventions. Only 26% of the studies mentioned blinding of the outcome assessors ([@B12]--[@B14], [@B22]), and it was frequently unclear whether blinding extended to all staff involved (laboratory technicians, staff making anthropometric assessments, data analysts). About half of the studies described exclusions and losses during follow-up ([@B12]--[@B14], [@B16], [@B17], [@B21], [@B22]) and a similar proportion reported intention-to-treat analysis ([@B13], [@B14], [@B16], [@B17], [@B21], [@B22], [@B24]). Some studies ([@B11], [@B19], [@B20]) though not mentioning intention to treat analysis or reasons for losses or exclusions, presented few such events, thus minimizing the possibility of bias due to incomplete outcome data.

###### 

Risk of bias among included studies.

                                      **Adequate random sequence generation**   **Allocation concealment**   **Blinding of outcome assessment**                                    **Description of losses and exclusions**   **Intention-to-treat analysis**   **Free from selective reporting**
  ----------------------------------- ----------------------------------------- ---------------------------- --------------------------------------------------------------------- ------------------------------------------ --------------------------------- -----------------------------------------
  Cheung et al. ([@B25])              Not informed                              Not informed                 Not informed                                                          No                                         No                                Unclear[^d^](#TN4){ref-type="table-fn"}
  Hu et al. ([@B19])                  Not informed                              Not informed                 Not informed                                                          No                                         No                                Yes
  Ji et al. ([@B18])                  Yes                                       Not informed                 Not informed                                                          No                                         No                                Unclear[^d^](#TN4){ref-type="table-fn"}
  Kim et al. ([@B12])                 Yes                                       Not informed                 Yes[^a^](#TN1){ref-type="table-fn"}                                   Yes                                        No                                No
  McIntrye et al. ([@B15])            Yes                                       Yes                          Not informed                                                          No                                         No                                Yes
  Nicklas et al. ([@B13])             Yes                                       Yes                          Yes[^b^](#TN2){ref-type="table-fn"}                                   Yes                                        Yes                               Yes
  O\'Dea et al. ([@B24])              Yes                                       Yes                          Not informed                                                          No                                         Yes                               Unclear[^d^](#TN4){ref-type="table-fn"}
  O\'Reilly et al. ([@B16])           Yes                                       Yes                          Not informed                                                          Yes                                        Yes                               Yes
  Peacock et al. ([@B14])             Yes                                       Yes                          Yes[^b^](#TN2){ref-type="table-fn"}                                   Yes                                        Yes                               Yes
  Pérez-Ferre et al. ([@B21])         Not informed                              Not informed                 Not informed                                                          Yes                                        Yes                               Yes
  Shek et al. ([@B17])                Yes                                       Not informed                 Not informed                                                          Yes                                        Yes                               Unclear[^d^](#TN4){ref-type="table-fn"}
  Shyam et al. ([@B22])               Yes                                       Yes                          Yes[^a^](#TN1){ref-type="table-fn"}[^c^](#TN3){ref-type="table-fn"}   Yes                                        Yes                               Yes
  Wein et al. ([@B11])                Not informed                              Not informed                 Not informed                                                          No                                         No                                Unclear[^d^](#TN4){ref-type="table-fn"}
  Yu et al. ([@B20])                  Not informed                              Not informed                 Not informed                                                          No                                         No                                Unclear[^d^](#TN4){ref-type="table-fn"}
  Zilberman-Kravits et al. ([@B23])   No                                        Not informed                 Not informed                                                          No                                         No                                Yes

*Blinding of staff obtaining anthropometry*.

*Blinding of data analysts*.

*Blinding of laboratory technicians*.

*Study registration or published protocol not found*.

Main results
------------

Meta-analysis of the 8 studies reporting incident diabetes (Figure [2](#F2){ref-type="fig"}) revealed a borderline statistically significant relative reduction of 25% (RR = 0.75; 95%CI: 0.55--1.03) in incidence with intervention. The results were homogeneous across studies (I^2^ = 10%). When stratified by time of randomization, only studies initiating earlier in the post-partum period showed a significant reduction (RR = 0.61; 95%CI: 0.40--0.94; p for subgroup comparison = 0.33). The overall absolute difference in incidence between groups was −0.04 (95%CI: −0.09; 0.01).

![Meta-analysis of the effects of lifestyle interventions (LSI) in diabetes incidence according to post-partum time at randomization.](fendo-09-00583-g0002){#F2}

Figure [3](#F3){ref-type="fig"} shows a funnel plot for the 8 studies reporting incidence of diabetes. We can observe a general funnel shape indicating that studies of lower precision were spread evenly on both sides of the average, suggesting absence of publication bias. The Egger test also indicated absence of publication bias (*p* = 0.47).

![Funnel plot, using data from 8 trials with information for diabetes incidence. Log-odds ratios all displayed on the horizontal axis.](fendo-09-00583-g0003){#F3}

Figures [4](#F4){ref-type="fig"}, [5](#F5){ref-type="fig"} showed a lack of effect of lifestyle interventions in mean fasting and 2h plasma glucose, with a non-significant difference from baseline on fasting glucose (MD = −0.13; 95%CI: −0.36; 0.09) mmol/L and on 2 h glucose (MD = −0.12; 95%CI: 0.47; 0.23) mmol/L for 2 h glucose. Only 3 studies reported HbA1c, without positive results.

![Meta-analysis of the effects of lifestyle interventions (LSI) in fasting glucose change (mmol/L) from baseline to the end of follow up.](fendo-09-00583-g0004){#F4}

![Meta-analysis of the effects of lifestyle interventions (LSI) in 2-h glucose change (mmol/L) from baseline to the end of follow up.](fendo-09-00583-g0005){#F5}

Figures [6](#F6){ref-type="fig"}, [7](#F7){ref-type="fig"} showed that the life style intervention had a moderate statistically significant greater reductions in mean weight (MD = −1.07; 95%CI: −1.43; −0.72) kg and BMI (MD = −0.94; 95%CI: −1.79; −0.09) kg/m^2^, respectively, effects being larger with longer follow-up. Figure [8](#F8){ref-type="fig"} also show a statistic significant greater reduction in waist circumference (MD = −0.98; 95%CI: −1.75; −0.21) cm, also larger with longer follow-up.

![Meta-analysis of the effects of lifestyle interventions (LSI) in weight change (kg) from baseline to the end of follow up, according to the duration of follow-up.](fendo-09-00583-g0006){#F6}

![Meta-analysis of the effects of lifestyle interventions (LSI) in BMI change (kg/m2) from baseline to the end of follow up, according to the duration of follow-up.](fendo-09-00583-g0007){#F7}

![Meta-analysis of the effects of lifestyle interventions (LSI) in waist circumference change (cm) from baseline to the end of follow up, according to the duration of follow-up.](fendo-09-00583-g0008){#F8}

Discussion {#s4}
==========

Evidence here summarized reveal that lifestyle changes started after a pregnancy complicated by GDM produce a 25% (RR = 0.75; 95%CI: 0.55--1.03) reduction in diabetes risk which reaches borderline statistical significance. Effects appeared to be larger when the interventions were initiated within 6 months after birth (RR = 0.61; 95%CI: 0.40--0.94; p for subgroup comparison = 0.33). We found small but statistically significant reductions in weight, BMI and waist circumference, particularly with longer periods of intervention. In contrast, we found no change with intervention for final fasting or 2 h glucose values.

The only previous meta-analysis reporting effects on diabetes incidence among women with recent gestational diabetes ([@B26]) included four of the eight trials here summarized. It did not report relative risks but found an absolute risk difference of (RD = −5.02%; 95%CI: −9.24; −0.80), consistent with the size of the risk reduction we found. With regard to weight changes, the previous meta-analysis ([@B27]) found a similar difference mean weight reduction (MD = −1.06; 95%CI: −1.68; −0.44) kg. We found no meta-analysis reporting effects on BMI, waist circumference, 2h glucose during an oral glucose tolerance test or HbA~1C~. The only one reporting a summarized effect on fasting plasma glucose, like ours did not find a statistically significant difference in reduction (MD = −0.05; 95%CI: −0.21; 0.11 mmol/L).

The fact that reductions in incidence here reported were somewhat greater when the intervention initiated sooner after birth (RR = 0.61 vs. 1.00; *p* = 0.11) may reflect stronger motivation to initiate lifestyle changes when women are closer to their GDM treatment during pregnancy. However, the number of studies initiating later is small to reach a conclusion. We have no explanation for the small size of changes in mean glucose values, but as numbers are not large, it is possible that outliers in glucose values, once diabetes developed, could influence these glucose means. Additionally, heterogeneity across studies for these outcomes was large.

We found a consistently greater effect in studies with longer follow-up across the three anthropometric measures. In these studies, the period of intervention was also of greater duration, which suggests the importance of maintaining support for lifestyle changes for a longer period, particularly given the women\'s frequently overwhelming tasks of motherhood. Of note also, since breastfeeding is often being performed during the post-partum period, weight loss recommended is usually small, thus requiring a longer period than the usual weight loss programs to reach weight loss goals.

There are several ongoing trials which may complete data collection and publish their results in the next three to 4 years ([@B53]--[@B56]). Up to now, this is the most comprehensive summary reporting on the feasibility and effectiveness of lifestyle modifications soon after birth of mothers with gestational diabetes. Compared to the only previous meta-analysis reporting diabetes as an outcome ([@B26]), we have increased the number of studies involved, as well as the scope of the outcomes assessed.

Although effects are small, benefits are clinically relevant, since seemingly minimal changes in anthropometric measures over a short period translate into a 25% risk reduction of diabetes in women who are, on average, only 30 years old. We hope that these ongoing trials of longer duration and with greater support for lifestyle changes will produce larger effects, perhaps with results approaching the relative risk reduction of 53% found in *post-hoc* analyses focusing on women with previous gestational diabetes ([@B47]), treated about 9 to 10 years after the target pregnancy in the similarly more robust and longer DPP study.

Our study has strengths and limitations. First, the number of women randomized (1647) and the number of events (180) are still small, resulting in only borderline statistical significance. Of note however, funnel plot and Egger test indicated small chance of publication bias. The effect of 25% reduction in the incidence of diabetes is small but potentially clinical relevant. As suggested by the absolute risk difference we found, 4%, the number needed to treat is 25 women, in other words, we need to treat 25 women with GDM at postpartum with similar interventions to prevent one case of diabetes. Finally, the quality of most studies included in this review is not high and sample size often limited to less than 70 women. These limitations highlight the need for further studies to provide more accurate summary results.

In conclusion, our comprehensive meta-analysis suggests an effect of lifestyle intervention after a pregnancy complicated by gestational diabetes. The effect is smaller than those of the classic studies of lifestyle intervention to prevent diabetes in older subjects when offered more intensive interventions. Nonetheless, the benefits here reported for younger women with previous GDM suggest that interventions to prevent diabetes are feasible and may have potential clinical. Additional studies are needed to further tailor the delivery of lifestyle interventions to this particular period of life and to improve the quality of the evidence for their effectiveness when offered to women with GDM after pregnancy.
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